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Abstract 


Parasites and predators possess serious threats to humans throughout our evolutionary history. Although the 
impact of predators in modern world is lower than previously, parasites still influence morbidity and mortality 
of contemporary humans. From the evolutionary perspective, selective pressures caused by parasites should 


favour individuals that successfully avoid objects/subjects which transmit parasitic diseases and/or those 


who are successful in combats with them. There is growing evidence for the existence of evolved anti-parasite 
behaviours in animals, beginning with invertebrates and ending with primates. Avoidance of infected individu- 
als, grooming and self-medication are most common behavioural strategies that are believed to reduce the 
transmission of parasites. Here we review recent evidence suggesting that several behavioural and emotional 
traits in humans evolved as a response to selective pressure caused by parasites. Disgust sensitivity and patho- 
gen threat may be a mechanism that generates both a cross-cultural variation in preferences for certain facial 
traits, as well as drivers of religious diversity, political stability of countries, parenting cognitive abilities and 
prevalence of extraversion and openness to new ideas. Finally, we declare areas for a future research based 
on questions guided by the evolutionary perspective. 
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Introduction 


Archaeological evidence had revealed that organisms in the world change over time. Although 
this was known long ago, the causal mechanism that could explain how and why organisms change 
was first formulated by Darwin (1859). Darwin’s fundamental theory of natural selection proposes that 
individuals with their phenotypes (including psychological characteristics) better suited for survival 
in a given environment in a given time over-reproduce individuals with inferior phenotypes. Alleles 
of more successful individuals are therefore non-randomly distributed in the new generation and, as 
a result, certain phenotypes are more frequent than others. This leads to a range of morphological 
and behavioural adaptations designed to enhance the survival of their bearers. The process of natural 
selection requires three components (Darwin, 1859; Michalski & Shackelford, 2010): (i) variation 
of individuals in a population, (ii) heritability of this variation and (iii) differences in reproductive 
success among individuals that are the subjects of natural selection. Parasites are excellent candi- 
dates for studying natural selection, because they are widespread, they have a significant impact 
on human morbidity and mortality and at least certain psychological mechanisms that enhance 
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avoidance of parasites seem to be heritable (Carlson, Katsanis, Iacono, & McGue, 1997; Peleg et 
al., 2006; Anokhin, Golosheykin, & Heath, 2010). The human brain is also a result of evolutionary 
processes. This paper is predominantly dedicated to psychological mechanisms that are thought to 
be influenced by natural selection in our evolutionary past to protect humans against the burden of 
parasites and enhance survival. 





Parasites and Human Mortality 


Some of the most striking weapons of natural selection are parasites causing infectious dis- 
eases. Their detrimental effect on human morbidity and mortality can be demonstrated by certain 
well-known examples that have been recently documented. Unfortunately, most of the parasites 
that form our current disease burden have emerged over the last 11,000 years. This is due to a 
shift to living in larger groups, which are able to sustain epidemic diseases, and because of close 
contact with animals via agriculture (Wolfe, Dunavan, & Diamond, 2007). Thus, our knowledge 
of parasites that favoured specific psychological adaptations enhancing survival is very limited, 
and our present ideas are based on reconstructions from relatively recent events. Bacterial dis- 
eases wiped out up to 90% of the native populations in the Americas (Guerra, 1993). In extant 
hunter-gatherer groups, about 30-50% of the population dies before reaching reproductive age, 
most from disease (Hill & Hurtado, 1996). Plague is caused by the Gram-negative bacterium Ye- 
rsinia pestis (formerly Pasteurella pestis). Y. pestis was common in rats, but it reproduces in the 
digestive tract of the oriental rat flea Xenopsylla cheopis, which feeds on the rat’s blood (for more 
details see e.g. Morelli et al. 2010). Infected fleas consequently transmit the disease to humans 
and/or to domesticated animals if hungry. Plague is usually fatal without antimicrobial treatment. 
The Bubonic plague, the most dangerous form of plague, has the highest mortality rates — approx. 
80%. Infected people most often die within eight days (Totaro, 2005). Looking at historical data, 
Europe was devastated by Justinian‘s plague (541-767) and the Black Death (1346-18th century) 
(Devignant, 1951; Pollitzer, 1951) which also ravaged China (Wu, 1936). Considering that just 
within the 1300s the plague killed between 25% and 50% of the populations of Europe, Asia and 
Africa (Gottfried, 1983), this dreaded disease is possibly the most dramatic historically (Morelli 
et al., 2010). Smallpox, an infectious disease unique to humans, caused by either of two virus 
variants, Variola major (mortality rate approx. 30 — 35 %) and Variola minor (mortality rate ap- 
prox. 1%), killed an estimated 400,000 Europeans per year during the closing years of the 18th 
century (Hays 2005). Before the introduction of rotavirus vaccines, almost all children experienced 
at least one episode of rotavirus gastroenteritis before the age of 5 (Valencia-Mendoza, Bertozzi, 
Gutierrez, & Itzler, 2008). This was estimated to have caused 527,000 deaths and two million 
hospitalisations per year worldwide (Parashar et al., 2009). The Spanish flu pandemic, caused by 
the HIN1 influenza virus, which lasted only from 1918 to 1920, killed between 50 and 100 mil- 
lion people (Johnson & Mueller, 2002) — at least 3% of the world’s population. Tuberculosis is 
one that has existed for 15,000 — 20,000 years. Tubercle bacillus (Mycobacterium tuberculosis) 
is spread through the air by the coughing or sneezing of infected people. When left untreated, it 
kills more than 50% of those infected. In the mid-nineteenth century, for example, over 300 per 
100,000 people died from tuberculosis in England and Wales (Magill, 1955). 


The Most Recent Parasite Threats 


Although many diseases have now been eradicated, certain diseases still persist whilst others 
emerge. For example, current estimates suggest that one to two million people die from malaria 
annually (Crompton, 1999; Sachs & Malaney, 2002) and the same number of people died in 2008 
due to diseases associated with AIDS (World Health Organization [WHO], 2010). Furthermore, the 
aforementioned examples are based on lethal diseases, but many non-lethal infectious diseases are 
harmful to humans and can negatively influence their reproductive success. Consider, for example, 
lymphatic filariasis, a serious parasitic disease caused by roundworms (mainly Wuchereria bancrofti, 
which accounts for 90% of infections, and to a lesser degree Brugia malayi and Brugia timori, which 
account for the remaining 10% of infections) spread by mosquitoes — vectors of the disease. Melrose 
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(2002) reported that about 120 million people, primarily in Africa, South America and certain other 
subtropical areas (see Michael, Bundy, & Grenfell, 1996), are infected are infected. Although not all 
infected people suffer any obvious effects from these worms (Grove, 1983), if expressed, infected 
individuals have enormously enlarged limbs, scrotum or other body parts. These people are shunned 
and avoided by the wider community (Badaki, 2010). Note that filariasis cannot be transmitted from 
human to human by physical contact like tuberculosis or influenza. Thus, it can be argued that although 
certain parasites, including those that have a closer relationship with humans (also called “perfect 
parasites”, cf. Kaplan, 2010), are not lethal, they could affect human reproductive success and, as 
a result, they could also influence the human mind. Two additional pieces of evidence are valid in 
this argument: firstly, it is suspected that those parasites now considered as “perfect parasites” (e.g., 
tapeworms TZaenia saginata, Taenia solium) are relatively less harmful to humans, because killing 
their final host is maladaptive due to the restriction of their own fitness (Kaplan, 2010). This, how- 
ever, suggests that the initial contact of a particular parasite with our ancestors could have serious 
health consequences that would perhaps account for the negative perception of relatively non-harmful 
parasites such as tapeworms (Zaenia spp.) or roundworms (Ascaris lumbricoides) (Curtis, Aunger, & 
Rabie, 2004; Prokop & Fanéoviéova, 2010; Prokop, Usak, & Fanéovicova, 2010b). Secondly, “perfect 
parasites” are considered less harmful to humans, particularly in our current environment, where 
food availability is high, but the situation in industrialised countries with low resources is different. 
For example, ascariasis, caused by the roundworm A. lumbricoides, is one of most common parasitic 
diseases in the world. Overall, about 25% of the human population is infected (Berger & Marr, 2006), 
but the rates of infection in poor areas of Africa are close to 100% (Berger & Marr, 2006; Kaplan, 
2010). Although infected individuals could remain asymptomatic, heavy worm infestation, associated 
with nutritional deficiency and obstruction of the bowels, is sometimes fatal (Kaplan, 2010; Baird, 
Mistrey, Pimsler, & Connor, 1986). Given our knowledge based on archaeological evidence, this 
scenario seems to be more realistic for our ancestors, who were obviously more limited in terms of 
food (Garn & Leonard, 1989; Ungar & Teaford, 2002) than for the present Western culture, where 
food availability and health care is high. Perhaps provocatively, the coiled bodies of parasitic worms 
could attract our attention and influence our fear when seeing snakes. LoBue and DeLoache (2011) in 
their current research, found that the speed of detection of coiled wires and coiled snakes in pictures 
was not different, but coiled objects (either wires or snakes) were more rapidly detected than e.g. 
flowers. What causes this increased sensitivity to coiled objects? Snakes or parasites? 

The examples presented in this sub-chapter suggest that parasites account for a large part of 
human mortality and morbidity and, from an evolutionary perspective, favoured adaptations that 
enhance survival. We do not think that estimates of serious diseases fully correspond with those 
that influenced the evolution of certain behaviours, emotions and cognition in our ancestors; this 
is especially because certain diseases are relatively “young” and influenced human beings only re- 
cently (Wolfe et al., 2007) and the estimation of the prevalence of others is not clear due to a poor 
knowledge about most diseases. One must consider that sufficient diagnostic techniques have only 
emerged in the last 100 — 150 years. However, these examples illustrate the fact that parasites are 
ubiquitous and most probably had non-trivial effects on our evolutionary history. 


Anti-parasite Behaviour in Animals 


If parasites are selective agents influencing human survival and/or reproduction, natural selec- 
tion should favour individuals that dispose with certain behavioural strategies that help the individual 
to avoid infection (Hart, 1990; Loehle, 1995, Parker, Barribeau, Laughton, de Roode, & Gerardo, 
2011). There are several published papers (Curtis, 2007; Parker et al., 2011) and books (Moore, 
2002) discussing the anti-parasite behaviour of animals in deeper details. As shown by Moore (2002), 
anti-parasite behaviours involve a large set of specific behaviours that are believed to reduce the 
transmission of parasites. Specifically, Moore (2002) proposes that there are the following categories 
of anti-parasite behaviours: moving away from infection, habitat shifting, adjusting posture, minimis- 
ing visibility to parasites, grooming/swatting (including the use of tools) and food choice (including 
self-medication). For a more detailed review of these anti-parasite strategies, I recommend Moore 
(2002) and Parker et al. (2011). Here, we briefly show certain examples providing evidence for the 
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existence of evolved anti-parasite behaviours in animals, beginning with invertebrates and ending 
with our close relatives — non-human primates. 





Avoidance of Infected Individuals or Objects 


Schulenburg and Muller (2004) found that the nematode Caenorhabditis elegans is able to dis- 
tinguish between innocuous and pathogenic strains of Bacillus thuringiensis and actively keep away 
from the latter. Interestingly, this avoidance is based on chemical recognition of the bacterium (see 
Pradel, Zhang, Pujol, Matsuyama, Bargmann, & Ewbank, 2007), because the bacterium produces 
a deadly toxin only once it is in the worm’s digestive tract. Behringer et al. showed that gregarious 
Caribbean spiny lobsters (Panulirus argus) avoid conspecifics that are infected with a lethal virus. 
Interestingly, although lobsters inoculated with a lethal virus developed symptoms of the disease 
after six weeks and became infectious after eight weeks, most healthy lobsters avoided these inocu- 
lated individuals from as early as four weeks. Olfactory cues play a dominant role in the detection 
of inoculated individuals. This early pathogen detection system confers a selective advantage for (as 
yet) healthy lobsters in order to reduce their own risk of infection. 

Bullfrog tadpoles (Rana catesbeiana) avoid tadpoles with candidiasis Candida humicola, a 
pathogen that reduces growth rates and can cause the death of tadpoles (Kiesecker, Skelly, Beard, 
& Preisser, 1999). Similarly, Bufo americanus tadpoles exhibited avoidance and elevated activity in 
response to cercariae Echinostoma trivolvis, a trematode that infects and can kill amphibians (Rohr, 
Swan, Ravel, & Hudson, 2009). In both cases, parasite avoidance behaviour is stimulated by chemical 
cues from infected individuals/environments and thus does not require direct contact between indi- 
viduals. Another experiment performed by Daly and Johnson (2011) where larval Pacific chorus frogs 
were either anaesthetised or not and exposed to pathogenic trematodes, showed that un-manipulated 
larvae were significantly less likely to become infected than their anaesthetised counterparts. This 
evidence collectively suggests that specific behavioural adaptations play an important role in the 
avoidance of harmful parasites in amphibians. 

Rainbow trout (Oncorhynchus mykiss) actively avoid free-swimming larval trematodes that cause 
cataracts, helping to decrease the rate of infection and severity of pathology (Karvonen, Seppala, 
& Valtonen, 2004). Whitefish (Coregonus sp.) respond to the presence of a virulent egg parasite, 
Pseudomonas fluorescens, by hatching earlier, and this early hatching is induced by water-borne cues 
emitted from infected eggs (Wedekind, 2002). Certain evidence suggests (albeit not applicable to 
the example of Coregonus sp.) that anti-parasite responses are not innate but learned. For example, 
fathead minnows exposed to cercariae of the trematode Ornithodiplostomum sp. showed no evidence 
of innate recognition or avoidance of cercariae. However, after a single exposure to the cues of the 
parasite, the fish responded with a reduction in activity, which decreased the encounter rate with the 
cercariae (James, Noyes, Stumbo, Wisenden, & Goater, 2008). 

Ungulates avoid grazing on forage near their faeces in pastures to reduce infection by faecal— 
oral transmitted parasites (e.g. Dohi, Yamada, & Entsu, 1991; Ezenwa, 2004). The workers of most 
social insects exhibit elaborate waste management behaviours and carry their dead out of their 
nests (Hart & Ratnieks, 2002; Cremer, Armitage, & Schmid-Hempel, 2007; Wilson-Rich Spivak, 
& Fefferman, 2009). 


Grooming 


Both solitary and social organisms can groom themselves (self-grooming), and the rate of self- 
grooming significantly increases when individuals are contaminated with pathogens (Reber, Purcell, 
Buechel, Buri, & Chapuisat, 2011). Social species are able to groom each other (allo-grooming), 
which is common in social insects such as ants, wasps, bees and termites (Hélldobler & Wilson, 
1990; Rosengaus, Maxmen, Coates, & Traniello, 1998; Schmid-Hempel, 1998; Hughes & Boomsma, 
2004; Walker & Hughes, 2009). In mammals, this is widespread particularly in primates (Goodall, 
1986; Dunbar, 1991; Newton-Fisher & Lee, 2011) and other social mammals such as carnivores 
(e.g. Stewart, 1997; Kutsukake & Clutton-Brock, 2006, 2010), rodents (e.g. Stopka & Macdonald, 
1999; Stopka & Graciasova, 2001) and ungulates (e.g. Hart & Hart, 1992; Feh & Demazieres, 1993, 
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Mooring & Hart, 1995). Certain birds use the chemicals in fresh vegetation as fumigants against 
parasites and pathogens (e.g. Clark & Mason, 1985, Lafuma, Lambrechts, & Raymond, 2001) or 
avoid nests with parasites (Tomas, Merino, Moreno, & Morales, 2007). 


Self-medication 


Great apes are known to use self-medication, i.e. consuming plants with anti-parasite effects, 
which improve the health of infected individuals (Huffman, 2001). These plants have in particular 
antiprotozoal or antihelmintical properties (Huffman, 2001; Negre, Tarnaud, Roblot, Gantier, & 
Guillot, 2006). Recent research, however, revealed that self-medication is not restricted to mammals 
(or animals with advanced cognitive abilities in general), but it also works in invertebrates. Woolly 
bear caterpillars (Grammia incorrupta; Lepidoptera: Arctiidae) ingest plant toxins (pyrrolizidine 
alkaloids) that improve their survival by conferring resistance against their lethal endoparasites (ta- 
chinid flies). Interestingly, excessive ingestion of these toxins reduced the survival rate of caterpillars 
without parasites, and plant toxins were more likely ingested by caterpillars with parasites than by 
those without (Singer, Mace, & Bernays, 2009). Monarch butterflies (Danaus plexippus) infected 
with the protozoan parasite Ophrvocystis elektroscirrha exhibit an oviposition preference for certain 
species of the milkweed host plant, potentially because of the anti-parasitic effect of secondary plant 
chemicals (Lefévre, Oliver, Hunter, & de Roode, 2010). 


Costs of Anti-parasite Behaviour 


One could challenge that if anti-parasite behaviour protects organisms against harmful para- 
sites, then why does this behaviour show inter-individual variability, or why it is not more com- 
mon? It appears that each strategy has both benefits and costs, although the costs of anti-parasite 
behaviours are much less known than their benefits (Hughes & Cremer, 2007). For example, bats 
spend a considerable amount of time grooming, which is accompanied by a significant increase 
in oxygen consumption (Giorgi, Arlettaz, Christe, & Vogel, 2001). Similarly, the fly-swatting be- 
haviour of howler monkeys accounts for 24% of their metabolic budget (Dudley & Milton, 1990). 
Grooming may impose costs on the groomer, including decreased vigilance (Mooring & Hart, 1995), 
decreased resting time (Dunbar & Sharman, 1984; Dunbar, 1992) and exposure to disease (Nunn 
& Altizer, 2006). In certain cases, e.g. in the Carpodacus mexicanus house finches, healthy males 
preferentially forage near same-sex diseased individuals expressing lethargy and lower aggression, 
which provides feeding benefits on the one hand, but at the cost of transmission of disease on the 
other (Bouwman & Hawley, 2010). With respect to self-medication, research showed that exces- 
sive ingestion of pyrrolizidine alkaloids in protective plants reduced the survival rate of caterpillars 
having no parasites (Singer et al., 2009). Consumption of protective plants by monarch butterfly in 
the absence of a parasite resulted in reduced adult longevity compared with those that fed on a host 
plant with reduced parasite protection (Lefévre et al., 2010). In summary, anti-parasite behaviour is 
both effective in reducing parasites and costly to use. 


How Do Parasites Influence Human Behaviour? From Inter-individual to 
Cross-cultural Differences 


The Persistence of Adaptations 


There are several ways to respond to this question. For example, at least certain parasites directly 
influence the behaviour of their intermediate hosts to increase the likelihood of being transmitted to 
their final host (the “manipulation hypothesis”, see e.g. Zimmer, 2001; Lefévre, Adamo, Biron, Misse, 
Hughes, & Thomas, 2009). There is plenty of evidence revealing that the parasitic protozoan Toxo- 
plasma gondii, transmitted to its intermediate hosts (rodents), increases activity, preferences for novel 
areas and overall likelihood of being captured by a cat (for a review see Webster, 2007). Similarly, 
humans infected by 7. gondii appeared to lose their concentration more quickly and had a 2.65 times 
higher risk of traffic accidents than Joxoplasma-free subjects (for a review see Flegr, 2007). A human 
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is a dead-end for the parasite, because it is not a suitable final host for parasite reproduction; thus 7. 
gondii seem to influence human behaviour in a similar manner as the behaviour of rodents. Finally, 
the behavioural and personality differences in infected individuals would account for cross-cultural 
differences in the prevalence of neuroticism and the avoidance of uncertainty (Lafferty, 2006). This 
story is a classic example of the ,,.manipulation hypothesis“ applied on humans. However, the aim 
of this paper is not to show the direct physiological effects of parasites on human hosts, but rather 
to show how parasites would influence human personality in terms of parasite avoidance. 

First of all, we should explain whether or not it is meaningful to think that, in our current, of- 
ten sterile environment (especially in well-developed countries), any antiparasite behaviour should 
persist. In fact, the rates of some serious diseases have significantly dropped, which is suggested by 
recent estimates. Dramatic differences can be observed, especially when including the last 30 years: 
leprosy dropped from 5.2 million cases in 1985 to 213,036 cases in 2009, and the number of victims 
of malaria dropped from 2 million annually to 863,000 in 2008 (WHO, 2010). There are no known 
cases of plague in Europe, and only a few cases were reported in 2009 worldwide (WHO, 2010). 
One could argue that decreasing the threat of parasites will no longer favour specific behavioural, 
cognitive and emotional adaptations favouring the survival of our ancestors. Because examples 
on the persistence of anti-parasite behaviour are relatively scarce, we will start with well-studied 
examples of anti-predator adaptations. Evidence suggests that anti-predator adaptations shaped by 
natural selection persisted for many thousands of generations after the sources of selection waned 
or were no longer present (Schel & Zuberbuhler, 2009). It is suggested that the cost of maintaining 
these traits is probably negligible. For example, tammar wallabies (Macropus eugenii) isolated from 
mammalian predators since the beginning of the Holocene, show evidence of retaining a general 
ability to recognise the shapes of predators (Blumstein, Daniel, Griffin, & Evans, 2000). California 
ground squirrels (Spermophilus beecheyi) retain the ability to recognise their former rattlesnake and 
gopher snake predators despite living in habitats free or virtually free of these snakes for time frames 
spanning 70,000 to 300,000 years (Coss, 1991; Coss & Biardi, 1997). With respect to the persis- 
tence of anti-parasite adaptations, research has shown that ungulates, felids and rodents in artificial 
environments where parasite pressure is low or absent still perform a grooming behaviour (Eckstein 
& Hart, 2000a,b; Mooring, Blumstein, & Stoner, 2004) (there are, however, other explanations for 
grooming behaviour that is not associated with ectoparasites, see e.g. Newton-Fisher & Lee, 2011 for 
discussion). These examples imply that the persistence of anti-parasite behaviour should be expected 
even in environments almost free of parasites. 

Similarly to some animals, detection of perceptual cues of the presence of parasites (appearance, 
smell, unusual behaviour, etc.) in humans may trigger aversive emotional and cognitive responses 
that motivate behavioural avoidance. 


The Adaptive Significance of Emotions 


The behavioural immune system, which is defined as a set of mechanisms that allows indi- 
viduals to detect the potential presence of parasites in objects (or individuals) and act to prevent 
contact with those objects (or individuals), offers a first line of defence against health threatening 
parasites (Schaller, 2006; Schaller & Duncan, 2007). The mobilisation of physiological processes 
— the immunological defence — is costly in terms of energy (IImonen, Taarna, & Hasselquist, 2000) 
and it is required only after pathogens are in physical contact with the individual’s body. Thus, the 
behavioural immune system is believed to be a cheap but also very effective system that helps to 
avoid parasite infection. 

Pathogen-connoting cues activate centres of disgust in the human brain (Phillips et al., 1997; 
Phillips, Senior, Fahy, & David, 1998; Stark et al., 2003) suggesting that the emotional experience 
of disgust is a key component of the behavioural immune system (Oaten, Stevenson, & Case, 2009). 
Disgust is an emotion that can be related to avoidance of certain animals, ill humans, faeces, vomit, 
sexual substances and other harmful substances or events (Rozin, Haidt, & McCauley, 2000; Curtis 
& Biran, 2001). Disgust may produce specific autonomic responses, such as reduced blood pressure, 
heart rate deceleration and decreased skin conductance (Stark, Walter, Schienle, & Vaitl, 2005), as 
well as the characteristic facial expression. People are obviously disgusted by things that pose a 
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real risk of pathogen infection (e.g. faeces, vomit, spoiled food, Curtis & Biran, 2001), but this is 
not always true; people are also disgusted by things that do not pose a risk of disease transmission 
but that simply bear certain superficial resemblance to real risks (e.g. chocolate fudge moulded into 
the shape of dog faeces; Rozin, Millman, & Nemeroff, 1986). Social scientists with no evolution- 
ary background would argue that this apparent non-specificity of disgust contradicts its proposed 
evolutionary origin. The explanation is, however, easy — the behavioural immune system does not 
react to specific cues triggered by parasites, because these may vary greatly. Instead, it responds in 
a hypersensitive way to the perceived presence of parasites in the sensory environment (Schaller & 
Duncan, 2007). It can be also compared to the ‘smoke detector principle’ (Nesse, 2005). A smoke 
detector is usually calibrated to be supersensitive to anything that (albeit superficially) resembles 
smoke in order to minimise the likelihood of failing to register the presence of real danger — a house 
fire that would be an extremely costly false-negative error. On the other hand, a false-positive error, 
e.g. detecting someone smoking in the toilet, is much cheaper that to neglect a dangerous fire. 


Individual Differences in Parasite Avoidance 


How does the behavioural immune system work in the real world? First, it can be predicted that 
the behavioural immune system works superficially, which means that it does not need to always be 
activated correctly, but particularly if perceptual stimuli resemble disease-connoting stimuli (e.g. 
avoiding physically impaired people who do not transmit infectious diseases). Second, it can be 
predicted that people who are more vulnerable to disease transmission (i.e. those who are immu- 
nologically compromised) should have a more activated behavioural immune system than others, 
because they must protect themselves against parasites more often than healthy people with a normal 
immune system. Current research has shown support for both predictions. Indeed, women in the 
first trimester of pregnancy, when they are immunologically compromised, are more ethnocentric 
than during the second and third trimesters (Navarrete, Fessler, & Eng, 2007). People who think 
themselves vulnerable to disease transmission show a relatively greater level of aversive response 
to physically disabled individuals (Park, Faulkner, & Schaller, 2003), towards older adults (Duncan 
& Schaller, 2009), immigrants (Faulkner, Schaller, Park, & Duncan, 2004), toward obese people 
(Park, Schaller, & Crandall, 2007) or toward disease transmitting animals (Prokop, Fancoviéova, & 
Fedor, 2010a; Prokop, Usak, & Fanéovitéova, 2010b; Prokop, Usak, & Fanéovi¢ova, 2010c; Prokop 
& Fanéovicova, 2013). These people also engage more frequently in various anti-parasite behaviours 
like avoiding physical contact with pets (Prokop & Fanéovitova, 2010; Prokop et al., 2010a) or 
disease-transmitting animals (Prokop & Fanéovicova, 2011), and increasing the washing of hands 
(Porzig-Drummond, Stevenson, Case, & Oaten, 2009). They also engage more in self-grooming be- 
haviours and less frequently in allo-grooming behaviours, suggesting that the perceived risk of disease 
stimulates grooming oneself more to maintain health and to reduce ectoparasitic load (Thompson, 
2010). One recent, yet unpublished work (Prokop, Ozel, Usak, & Senay, submitted) showed that 
the perceived vulnerability to diseases also acts as prevention of consumption of potentially risky 
foods. Particularly, university students who perceived themselves to be more vulnerable to infection 
by disease had more negative attitudes toward genetically modified foods, which are perceived to be 
risky by many people. Stevenson, Case, & Oaten (2009) showed that participants who had heightened 
contamination sensitivity and were also more disgust sensitive had significantly fewer recent infec- 
tions, supporting an idea that the emotion of disgust has a protective effect against infectious diseases. 
Interestingly, Prokop et al. failed to find any relationships between perceived health and disgust of 
disease-relevant animals, but perceived danger or fear showed significant negative relationship with 
perceived health. This suggests that the emotion of fear is additional important component of the 
behavioural immune system. Furthermore, they found that participants rated disease-relevant animals 
as more dangerous/disgusting than disease-irrelevant insects, supporting the adaptive significance 
of our basic emotions (Fig. 1). However, harmless insect larvae or earthworms were rated similarly 
to disease-relevant insects, supporting the hypersensitiveness of the behavioural immune system. 
(Prokop & Fanéovitova, 2010). 
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Figure 1: Mean scores of perceived danger and disgust of disease-relevant and 
disease-irrelevant groups of animals. Details about the sample sizes 
and statistical differences between groups can be found in the work of 
Prokop and Fancovicova (2010). 


The link between the immune system and the behavioural immune system is still not well 
understood. Prokop et al. (2010a), for example, found significant and positive associations between 
perceived health and anti-parasite behaviour (measured by items related to avoidance of pets and 
personal hygiene), suggesting that healthier people have more anti-parasite behaviours than their 
less healthy counterparts. The proposed model, based on the results of Prokop et al. (2010a) is pre- 
sented in Figure 2. People with poor health have a heightened disgust and/or fear of (predominantly) 
disease-relevant insects, and activation of these emotions produces stronger anti-parasite behaviours. 
Anti-parasite behaviour is, in turn, associated with better health. 






+ 


——=, Perceived health 


Antiparasite behaviour 






Perceived disgust/fear 


Figure 2: Model of associations between perceived health, anti-parasite behaviour 
and disgust/fear of disease-relevant invertebrates based on the results 
of Prokop et al. (2010a). The thickness of arrows reflects the strength of 
relationships. The signs reflect the direction of relationships. 


An alternative to this model is that healthier people can invest to anti-parasite behaviour more, 
but it seems unlikely that hand washing and/or avoiding physical contact with pets is very costly. 
Certain personality traits, such as neuroticism, would account for some variance in the obtained cor- 
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relation between perceived health and disgust sensitivity (Tybur, Lieberman, & Griskevicius, 2009). 
Note that this study was correlative, so it is not possible to confirm the causation or to exclude the 
possibility of false results. A more rigorous investigation of the relations between the immune system 
and anti-parasite strategies is therefore necessary. 


Cultural Differences Caused by Parasite Avoidance 


Parasites seem to influence mating preferences (Low, 1990; Gangestad & Buss, 1993; Gang- 
estad, Haselton, & Buss, 2006). It has been determined that male masculine traits (large jaws and 
cheekbones) and facial attractiveness (particularly symmetry) positively correlates with immunocom- 
petence in humans (Thornhill & Gangestad, 1993, 2006; Rhodes, 2006; Lie, Rhodes, & Simmons, 
2008). In line with this finding, females from areas with high parasite prevalence reveal a preference 
for more masculine and more facially attractive males than females from parasite free environments 
(Penton-Voak, Jacobson, & Trivers, 2004; Little, Jones, & Burriss, 2007; DeBruine, Jones, Craw- 
ford, Welling, & Little, 2010a). Inter-individual variation in vulnerability to diseases also supports 
this hypothesis: females who were concerned about pathogens/diseases tend to prefer males with 
masculine faces more than their less pathogens/disease-vulnerable counterparts (DeBruine, Jones, 
Tybur, Lieberman, & Griskevicius, 2010b). This preference is stronger during the ovulation phase 
of the menstrual cycle, when the likelihood of conception is highest (see Jones, DeBruine, Perrett, 
Little, Feinberg, & Law Smith, 2008 for review). Females in environments with a high pathogen 
prevalence have a more restricted approach to sexual relations (Schaller & Murray, 2008) which 
reduces parasite transmission. 

Disgust sensitivity and pathogen threat may be a mechanism that generates both a cross-cultural 
variation in preferences for certain facial traits (i.e. preference for masculine traits in pathogen rich 
environments, see DeBruine et al., 2010a), as well as drivers of religious diversity (Fincher & Thorn- 
hill, 2008), political stability of countries (Thornhill, Fincher, & Aran, 2009), parenting (Quinlan, 
2007) and cognitive abilities (Eppig, Fincher, & Thornhill, 2010). In regions characterised by a 
higher prevalence of parasites, people are less extraverted and less open to new ideas (Schaller & 
Murray, 2008) and express greater concern about infection (Prokop et al., 2010c), especially from 
foreigners (Hamamura & Park, 2010). Which psychological mechanisms are responsible for these 
cross-cultural differences ultimately caused by parasites? Fincher, Thornhill, Murray and Schaller 
(2008), for example, found a positive association between pathogen prevalence and the cultural value 
of collectivism, arguing that collectivism evolved as effective anti-pathogen psychology. Collectivism 
is associated with higher ethnocentrism (attraction and support of internal members) and xenophobia 
(i.e. avoidance of and dislike toward external members) than individualism (Fincher et al., 2008; 
Thornhill et al., 2009). Collectivism is thought to act as a mechanism for pathogen evasion, whereby 
individuals avoid strangers who may host potentially infectious diseases to which the individual or 
community (internal) intruded upon has no immunity. Collectivism and xenophobia are evolutionary 
mechanisms that cause increased religious diversity in geographic areas with high pathogen stress 
(Fincher & Thornhill, 2008). The association between intelligence and parasite threat (Eppig et al., 
2010) is explained by the high metabolic requirements of the human brain and the trade-off between 
energy intake and immunological defence against parasites. Longitudinal exposure to energetically 
costly infectious diseases during the time when the brain is developing negatively influences the 
quality of the brain, leading to lower intelligence (Eppig et al., 2010). Extraversion and openness 
to experience may confer specific kinds of benefits (higher number of social contacts, mating op- 
portunities, etc.), but both are associated with specific costs, especially with greater exposure to 
parasites. This is why areas with high pathogen prevalence are associated with lower extraversion 
and openness to experience (Schaller & Murray, 2008). Experimental research by Mortensen, Vaughn 
Becker, Ackerman Neuberg and Kenrick (2010) supported this idea: exposure to disease primarily 
led university students to rate themselves as less extraverted. 

Evolutionary biologists also found counterstrategies against parasites by comparing birth weight 
and number of offspring between human populations differing in parasite threat. High parasite 
prevalence is characterised by the increased weight (Thomas, Teriokhin, Budilova, Brown, Renaud, 
& Guégan, 2004) and the number of human offspring (Guégan, Thomas, de Meetis, Hochberg, & 
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Renaud, 2001). This strategy is considered to be effective, because producing more offspring increases 
the likelihood of successful survival and reproduction of at least certain children, and a higher birth 
weight reduces the likelihood of being infected by parasitic diseases. In summary, evolved inter- 
individual differences in parasite avoidance seem to be translated to cross-cultural differences that 
are ultimately mediated by parasite threat. 

A final and very intriguing area of research demonstrating how parasites account for some 
cross-cultural differences is culinary practises. Certain researchers propose that eating spicy foods 
might be an effective anti-pathogen strategy (Billing & Sherman, 1998; Ohtsubo, 2009). Most 
spices contain secondary compounds that kill bacteria and fungi or inhibit their growth (Billing & 
Sherman, 1998), thus, the use of spices, especially in meat-based recipes (Sherman & Hash, 2001; 
Ohtsubo, 2009) would be adaptive. Spices could have nutritional and health benefits: e.g. they tend 
to be antioxidants, which are thought to reduce oxidative damage to cells (Sengul, Ercisli, Yildiz, 
Gungor, Kavaz, & Cetin, 2011). It has even been suggested that consumption of turmeric (cucur- 
min) might contribute to the low prevalence of Alzheimer’s disease in India (Gomez Pinilla, 2008). 
The use of spices might reduce foodborne diseases and food poisoning (Billing & Sherman, 1998; 
Yossa, Patel, Miller, & Lo, 2010). To support this antimicrobial hypothesis, Billing and Sherman 
(1998) found that recipes from hotter climates, where bacteria and fungi grow more rapidly, called 
for more spices. Similarly, Ohtsubo (2009) found that unheated Japanese recipes called for more 
spices and vinegar than heated recipes, which supports the antimicrobial hypothesis. Furthermore, 
a comparison of traditional recipes from 107 countries showed that spices are used less in preparing 
vegetables than in preparing meat dishes (Sherman & Hash, 2001). The authors claim this result is 
evidence of the antimicrobial hypothesis: cells of dead plants are better protected against bacteria 
and fungi than the cells of dead animals, so the use of spices makes meat safer for consumption. This 
research also suggests that if consumption of spices is an adaptive anti-parasite strategy (see also 
examples for self-medication in animals in this paper), then people more vulnerable to disease should 
prefer spicy foods more than people less vulnerable to disease. Certain preliminary results support 
this prediction. Prokop and Fanéoviéova (2011) found that the reported consumption of spices was 
positively correlated with the total number of reported illnesses in the last year. This means that im- 
munologically compromised people prefer spices more than their healthier counterparts, supporting 
the antimicrobial hypothesis (Billing & Sherman, 1998). 


Is Human Nakedness a Result of Parasite Avoidance? 


Although the aim of this paper was to show how parasites influence predominantly human 
emotion and behaviour, I will briefly review some evidence trying to explain how human nakedness 
evolved from a view of parasite avoidance. The central idea is purely morphological (lack of body 
hair), but if parasite avoidance accounts for the evolution of nakedness, then certain psychologi- 
cal mechanisms influencing the preference for naked individuals should evolve, which returns our 
debate back to anti-parasite behaviour, or, more generally, to the behavioural immune system. Is 
human nakedness unique? Surely this must be true, because all of our closest relatives (192 species 
of monkeys and apes) have bodies covered with fur. Recent analyses of DNA suggest that for at least 
1.2 million years, humans have been relatively hairless (Rogers, Iltis, & Wooding, 2004) although 
the density of their hair follicles is similar to that found in apes of the same body size (Schwartz & 
Rosenblum, 1981). Why are we not absolutely naked? This is most probably due to the different 
functions of head hair and hair in the pubic region. It has been proposed that the former are selected 
by natural selection, because they protect the head against exposure to the sun, rain and cold, and the 
latter are thought to be conductive for pheromone signalling between the sexes (Pagel & Bodmer, 
2003). So, how did it appear that humans are almost naked? 

Here I will introduce only some hypotheses on human nakedness. I recommend Rantala (2007) 
for more detailed evaluation of all the existing hypotheses. It has been proposed that the loss of body 
hair evolved as a response to change in habitat and foraging behaviour. By abandoning the shady 
forest, our ancestors exposed themselves to higher temperatures, thus hairlessness served as a cool- 
ing device (e.g., Morris, 1967). Wheeler (1984) has argued that the reduction of body hair was made 
possible by the lowered direct solar radiation fluxes which our bipedal ancestors became more and 
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more used to. However, the hypothesis does not stand close scrutiny, because although exposure of 
the naked skin to the air increases the chances of heat loss, it also at the same time increases heat 
gain and risks damage from the sun’s rays. Furthermore, loss of body hair increases perspiration, 
leading to dehydration; this in turn may be detrimental in a dry savannah environment. A haired 
hominid in an open hot environment should actually increase its insulation rather than decrease it 
(Rantala, 2007). Moreover, as males were predominantly hunters and female gatherers (Kaplan, 
1996), it would be expected that males in particular should lose body hair if bare skin facilitates 
hunting prey. However, females were the ones who became the most hairless (Morgan, 1990). Certain 
authors argue that humans lost body hair as a response to the use of clothes (reviewed by Rantala, 
2007). However, why would a hairy animal begin to use clothes in the first place if it already had 
an insulating coat of body hair? 

One of the most prominent explanations of human hairlessness is the “ectoparasite avoid- 
ance hypothesis” originally proposed by Belt (1874) and recently rediscovered and elaborated by 
Rantala (1999, 2007) and Pagel and Bodmer (2003). This hypothesis proposes that hairless skin 
reduces the risk of being infested by ectoparasites, which are vectors of serious diseases some of 
which have lethal consequences (see Parasites and human mortality subchapter). Females which 
stays in the vicinity of camps were more vulnerable to parasites than males, because certain para- 
sites (such as fleas) can only complete their life cycle if their host animal lives in a permanently 
inhabited dwelling (Morris, 1994). Thus natural selection operates in particular against females 
with dense hair. Hairless females were less vulnerable to parasites and infectious diseases, had 
higher reproductive success and produced offspring with less hair (Rantala, 1999). They would 
be consequently preferred more by males and would produce more hairless children and hairless 
individuals who would tend to prefer hairless mates. Because hairlessness is heritable (Rogers et 
al., 2004), the result of this “run-away” selection (Fisher 1915), would be the almost completely 
hairless modern human (Pagel & Bodmer, 2003; Rantala 1999, 2007). The process is termed 
“run-away” because over time, it would facilitate the development of a greater preference and 
more pronounced traits, until the costs of producing the trait balance the reproductive benefit of 
possessing it (Fisher, 1915). 

Do we have any evidence supporting the ““ectoparasite avoidance hypothesis”? Unfortunately, 
palaeontological evidence is very scarce and probably not helpful in testing this hypothesis. How- 
ever, parasite avoidance in this case is hypothesised to be strongly associated with the choice of 
mate and sensitivity to pathogens. Thus, the “ectoparasite avoidance hypothesis” can be tested 
from an evolutionary psychology perspective. 

As far as I am aware, there are very few (mostly unpublished) papers on this topic. All these 
papers are based on force-choice tests, where a female participant was asked to choose what male 
in a black and white picture is more attractive. Each male was photographed two-times: before and 
after chest hair removal. The males’ legs and faces were not shown in the pictures. Rantala, Polkki 
and Rantala (2010) found that Finnish females prefer pictures of bare males, and this preference 
was stronger when the risk of conception (i.e. during the ovulation phase of the menstrual cycle) 
was higher. Older females, however, preferred males with dense chest hair more than younger 
females. While the former result can be used as support for the ectoparasite avoidance hypothesis 
mediated by choice of mate, the latter goes against this hypothesis, because older people that are 
more vulnerable to diseases are expected to avoid cues associated with ectoparasite presence more 
than younger ones. Interestingly, older people generally are less disgust sensitive, which does not 
fit with evolutionary explanations of disgust as a protective mechanism against parasite transmis- 
sion (Oaten et al., 2009). Perhaps we can use the argument of David Buss (2011) that natural 
selection operates more strongly within young people (who are at the peak of their reproductive 
activity), and its effect on older people (whose reproductive potential is close to zero or at least 
very limited) is weaker. 

Another set of evidence comes from two studies of Prokop, Rantala and Fanéoviéova (2012) 
and Prokop, Rantala, Usak and Senay (in press). These authors suggested that people living in areas 
with a high pathogen threat should be more sensitive to parasite connoting cues, and they compared 
female preference for male chest hair in two countries differing in parasite threat (Prokop et al., 
in press). They did not find any difference between Slovak (low pathogen) and Turkish females in 
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the preference of bare males, although there was a strong preference for bare males versus males 
with chest hair. They also failed to find any correlations between any of the three components of 
disgust (pathogen, sexual, moral) and preferences for bare bodies, providing no support for the 
tested hypothesis. However, participants that were more vulnerable to disease-connoting cues 
(Germ Aversion subscale, see Duncan, Schaller, & Park, 2009) preferred bare males, which sup- 
ports the ectoparasite avoidance hypothesis more. After excluding females that reported the use of 
hormonal contraceptives, Slovak females in the high conception risk phase preferred males with 
chest hair less, which supports the ectoparasite avoidance hypothesis, but no similar patterns were 
found for the sample of Turkish females. 

In a second study, Prokop et al. (2012) examined whether or not exposure to the visual cues of 
pathogens predicts the preferences for male chest hair in a sample of Slovak females. Again, they 
found that the preference for male chest hair was low (Fig. 3), but they did not find any changes 
in female preferences after exposure to visual pathogens. Moreover, they also measured disgust 
sensitivity to pictures of invertebrates (among them were some ectoparasites), but the correlation 
between disgust sensitivity and preference for male chest hair was not significant. 
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Figure 3: Differences in preference for naked bodies before (open bars) and after 
exposure (grey bars) to high and low pathogen conditions. Error bars are 
95% confidence intervals. NS = not statistically significant. 


To summarise, evidence supporting the idea that our ancestors avoided individuals with dense 
body hair to avoid ectoparasite transmission are very scarce, and, due to mixed results, any conclu- 
sion is premature. 


Conclusion and Future Directions 


Evidence suggests that parasites play a much more important role in our lives than previously 
thought, starting from psychological characteristics and inter-individual differences in parasite avoid- 
ance at the cognitive, emotional and behavioural level and ending in cross-cultural differences in 
cognitive abilities, choice of mate, political stability, parenting practises, religious diversity or culinary 
practises. Some evidence suggests that human nakedness is also a result of ectoparasite avoidance. 
Most of this evidence is correlative in nature; thus, only future research will show whether alternative 
explanations are, or are not, more convincing in explanations of cross-cultural differences from the 
view of parasite avoidance. Evolutionary psychology, however, provides an opportunity to test the 
questions on human anti-parasite behaviour experimentally. More experimental research integrating 
biology, ecology, evolutionary psychology and immunology is a promising way of how to uncover 
the physiological mechanisms responsible for the activation of the behavioural immune system. 
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